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We provide a simple mechanism for reconciling the direct dark matter experimental results. We
consider light asymmetric composite dark matter which scatters off nuclei via Higgs and photon
exchange. We demonstrate that the interference between these two channels naturally accommodates
the experimental results. We discover that this happens for a compositeness scale of the order of the
electroweak. We also provide a model realization based on strong dynamics at the electroweak scale.
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The identification of dark matter (DM) is an impor-
tant problem in modern physics. Apart from the key
role DM plays in large structure formation and the evo-
lution of the Universe, it might provide a link to physics
beyond the Standard Model (SM). Therefore it is not a
surprise that so much experimental, observational, and
theoretical effort has been devoted to the discovery of
DM. There is strong evidence that DM might be in the
form of Weakly Interacting Massive Particles (WIMPs),
although other options are possible [1].
If DM is indeed in the form of WIMPs, it can be char-
acterized by the different properties it bears. It can be
stable or decaying [2]. It can also be produced ther-
mally or non-thermally in the early Universe. Thermal
production signifies that the relic abundance of DM is
governed by annihilation between WIMPs. On the con-
trary, non-thermal production requires either a decay of
a heavier thermally produced particle, or the existence of
an asymmetry between particles and antiparticles. An-
nihilations might kill the antiparticle population leaving
out only particles to account for the DM density, thus
the term asymmetric. This type of candidates appeared
first in [3] in the form of technibaryons, and in [4] as
Goldstone bosons. Since then, asymmetric DM candi-
dates of all types have appeared in the literature [4–
12]. We should note that the possibility of mixed DM
with a thermally produced symmetric component and
an asymmetric component [12], or an asymmeric WIMP
component and an asymmetric strongly interacting mas-
sive component [6] is also viable.
From the experimental perspective, the situation is still
unclear. Several experiments such as CDMS [13], and
Xenon10/100 [14, 15] find null evidence for DM, impos-
ing thus severe constraints on WIMP-nucleons cross sec-
tions, while DAMA [16] and CoGeNT [17] detect events
that can be attributed to WIMP-nuclei collisions. DAMA
has observed an annual modulation of the signal as it is
expected due to the relative motion of the Earth with
respect to the DM halo. Recently CoGeNT confirmed
the same modulation. Both experiments suggest a light
WIMP of a mass of a few GeV. This makes asymmetric
DM even more attractive since for such light WIMPs, a
common mechanism for baryogenesis and DM produc-
tion might take place. However, two comments are in
order. The first is that the WIMP-nucleon cross sections
required by DAMA and GoGeNT have been excluded
by CDMS and Xenon upon assuming spin-independent
interactions between WIMPs and nuclei (with protons
and neutrons coupling similarly to WIMPs). In that case
the WIMP-nucleus cross section scales as A2, where A
is the atomic number. Apart from non-WIMP scenar-
ios that can explain this discrepancy [18], one proposed
solution is that of inelastic DM [19], although this pos-
sibility has become recently more unlike. The second
point is that DAMA and CoGeNT do not agree on the
required WIMP-nucleon cross section upon assuming
that protons and neutrons couple with equal strength to
the WIMP. This is depicted in the top panel of Fig. 1.
Generally speaking although such interactions where
protons and neutrons are indistinguishable do exist, e.g.
in the case of a Higgs exchange, other interactions can po-
tentially distinguish protons from neutrons. Examples
of the latter case are the photon exchange (that obviously
couples only to the protons, and therefore the cross sec-
tion will scale as Z2, where Z is the number of protons),
and theZ-boson exchange that couples protons and neu-
trons differently, having a scaling for the cross section as
(A−Z+Z)2 where  = 1−4 sin2 θW ∼ 0.08 (θW being the
Weinberg angle). However, due to the fact that in most
stable nuclei the number of protons is close to the one
of neutrons, the discrepancy between DAMA/CoGeNT
and CDMS/Xenon remains when considering the cross
section from each interaction separately.
Recently, it was observed in [20, 21] that a rela-
tive strength of the couplings of protons and neutrons
fn/ fp ' −0.7 can cause an overlap of the DAMA and
GoGeNT regions. In [22] it was argued that inelastic DM
can enhance the annual modulation fraction bringing
CoGeNT an CDMS results into a better agreement.
In this paper we present a quite generic and well mo-
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tivated model of composite light asymmetric DM where
we achieve an overlap of the DAMA and GoGeNT re-
gions via interference between two channels of interac-
tions. Our DM candidate although electrically neutral, it
carries electric dipole moment and can exchange a pho-
ton with the protons of the nucleus it scatters off. In
addition, the particle couples also to the Higgs boson.
We shall demonstrate on quite general grounds that for
a composite scale of the order of the electroweak, inter-
ference between Higgs and photon exchange can nat-
urally explain the fn/ fp ' −0.7 fitting value, evading
simultaneously the CDMS and Xenon constraints. We
also provide a natural model where such a light asym-
metric DM candidate emerge. Due to the fact that our
WIMP will be a composite particle made of fermions
with spin-independent interactions, recent astrophysi-
cal constraints on asymmetric DM from observations of
neutron stars [23] are avoided.
INTERFERING DARKMATTER
On general grounds, one can write an effective the-
ory for a composite scalar DM (with composite scale Λ)
interacting with the SM fields and with itself. The first
comprehensive effective theory appeared in [24]. Ac-
cording to this classification the relevant operators for
scattering on nuclei involve the coupling with the Higgs
boson and the photon. The interaction with the photon
occurs via a dimension 6 dipole-type term. This term ap-
pears naturally in any model of composite DM similar
to Technicolor Interacting Massive Particles (TIMP) [5].
We assume that the DM scalar φ is neutral under the
SM but charged under an extra U(1)φ global symmetry
protecting it against decay. The leading terms relevant
for this analysis are:
L = ∂µφ∗∂µφ−(M2φ−dH
v2EW
2
)φ∗φ−dHH†Hφ∗φ+ dB
Λ2
eJµ∂νFµν ,
(1)
where H = (pi+, 1√
2
(vEW + h + ipi0)) is the Higgs doublet,
Jµ = iφ∗
←→
∂µφ, Fµν is the photon field strength, and vEW '
246 GeV.
The zero momentum transfer cross section of a WIMP
scattering off a nucleus withZprotons andA−Zneutrons
is [5, 12]
σA =
µ2A
4pi
∣∣∣Z fp + (A − Z) fn∣∣∣2 , (2)
where
fn = dH f
mp
m2HMφ
, fp = fn − 8piαdB
Λ2
, (3)
mp is the nucleon mass, µA is the WIMP-nucleus reduced
mass and f ∼ 0.3 parametrizes the Higgs to nucleon
coupling.
The event rate for generic couplings fn and fp is
R = σp
∑
i
ηi
µ2Ai
µ2p
IAi
∣∣∣Z + (Ai − Z) fn/ fp∣∣∣2 , (4)
where ηi is the abundance of the specific isotopeAi in the
detector material, and IAi contains all the astrophysical
factors as well as the nucleon form factor FAi (ER). For a
given isotope we have
IAi = NT nφ
∫
dER
∫ vesc
vmin
d3v f (v)
mAi
2vµ2Ai
F2Ai (ER) . (5)
Here mAi is the mass of the target nucleus, NT is the
number of target nuclei, nφ is the local number density of
DM particles, and f (v) is their local velocity distribution.
The velocity integration is limited between the minimum
velocity required in order to transfer a recoil energy ER
to the scattered nucleus, vmin =
√
mAER/2µ2A, and the
escape velocity from the galaxy vesc. The WIMP-proton
cross section σp = µ2p
∣∣∣ fp∣∣∣2 /4pi can be easily obtained by
setting A = Z = 1 in Eq. (2).
Direct DM search collaborations quote constraints on
WIMP-nuclei cross sections normalized to the WIMP-
nucleon cross section σexpp (assuming conventionally fn =
fp). Therefore the experimentally constrained event rate
can be casted in the following form
R = σexpp
∑
i
ηi
µ2Ai
µ2p
IAiA
2
i . (6)
Equating Eqs. (4) and (6) yields the experimental con-
straints on the generic WIMP-proton cross section σp
(with arbitrary couplings fp and fn)
σp = σ
exp
p
∑
i ηiµ
2
Ai
IAiA2i∑
i ηiµ
2
Ai
IAi
∣∣∣Z + (Ai − Z) fn/ fp∣∣∣2 . (7)
Provided that the factors IAi do not change significantly
from one isotope to another (as we checked), they can-
cel out from numerator and denominator. In the top
panel of Fig. 1 we plot the exclusion limits from CDMS
II and Xenon10/100, and the favored regions of DAMA
and CoGeNT in the (Mφ, σp) plane for fn/ fp = 1. The
DAMA and CoGeNT regions do not coincide. However
as it was first suggested in [20, 21] possible variation
of fn/ fp can move the two regions around. We confirm
that for fn/ fp = −0.71, the DAMA/LIBRA and CoGeNT
regions partially overlap, leaving even a small region of
phase space that evades the tightest bounds coming from
CDMS II and Xenon10/100. The isotopic abundances ηi
we use are provided in [21].
In the small allowed region of the phase space for the
optimal value fn/ fp = −0.71, the WIMP mass Mφ ranges
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FIG. 1: Favored regions and exclusion contours in the
(Mφ, σp) plane for the standard case fn/ fp = 1 (top panel)
and the case fn/ fp = −0.71 (bottom panel). The green
contour is the 3σ favored region by DAMA/LIBRA [25]
assuming no channeling [26] and that the signal arises
entirely from Na scattering; the blue region is the 90% CL
favored region by CoGeNT; the dashed line is the exclusion
plot by CDMS II Soudan [13]; and the black and blue
lines are respectively the exclusion plots from the Xenon10
[14] and Xenon100 [15] experiments. The common region
passing all the constraints is shown in red.
between 7.5 and 8.5 GeV, and the WIMP-proton cross
section σp is ∼ 2× 10−38 cm2. There is not much freedom
to change fn/ fp, since even small changes in the ratio
drive the DAMA/CoGeNT overlapping region within
the excluded area by either CDMS or Xenon. For ex-
ample, for fn/ fp = −0.70 CDMS II excludes the whole
DAMA region, while for fn/ fp = −0.72 the Xenon10 line
excludes both DAMA/LIBRA and CoGeNT. Fixing the
ratio fn/ fp = −k leads to a constraint on the parameters
of Eq. (3)
dH =
8piα km2HMφ
f (1 + k)mp
dB
Λ2
. (8)
Fixing σp ∼ 2 × 10−38 cm2 provides an extra condition
which allows us to determine both dB and dH, so long we
fix the Higgs mass and the scale Λ
dB
Λ2
∼ 3 × 10−4 GeV−2 , dH
m2H
∼ 5 × 10−4 GeV−2 . (9)
Assuming a Higgs mass of the order of O(100 GeV) and
Λ ∼ vEW we find dB ∼ dH ∼ O(1) − O(10). Therefore in-
terfering DM emerging from composite dynamics at the
electroweak scale can resolve the experimental puzzle.
AMODEL FOR DAMA AND COGENT
Light DM particles are natural in several extensions
of the SM. One particularly appealing possibility is a
candidate emerging from new strong dynamics at the
electroweak scale such as Technicolor (see [8] for a recent
review). Here we use as specific model Ultra Minimal
Technicolor (UMT) [9]. The model
• features the lowest value of the S parameter in
Technicolor theories [27];
• yields several natural DM candidates of either
symmetric, antisymmetric or mixed type [12];
• allows for multiple electroweak finite temperature
phase transitions [28].
A later variation of this model appeared in [29] under
the name of Minimal Conformal Technicolor. UMT is
constituted by an SU(2) technicolor gauge group with
two Dirac flavors in the fundamental representation also
carrying electroweak charges, as well as, two additional
Weyl fermions in the adjoint representation but singlets
under the SM gauge group. The overall global symme-
try is SU(4) × SU(2) ×U(1) which breaks spontaneously
to Sp(4)×SO(2)×Z2. We focus here on the SU(4) to Sp(4)
sector which is the one responsible for electroweak sym-
metry breaking. Five Goldstone bosons are generated
and three become the longitudinal degrees of freedom
of the SM gauge bosons. The remaining two Goldstone
bosons are arranged in a complex scalar, which we iden-
tify with the light DM candidate φ, carrying the U(1)φ
global symmetry included in the original SU(4) flavor
symmetry. The U(1)φ global symmetry corresponds to
the technibaryon number associated toφwhich, in terms
of the underlying technifermions, is a di-techniquark.
A mass term for φ comes from the new sector respon-
sible for giving masses to the SM fermions and from
electroweak corrections. Being a pseudo Goldstone bo-
son it has therefore either derivative interactions, or non
derivative ones with couplings vanishing with Mφ. The
effective Lagrangian is [12]
L = ∂µφ∗∂µφ −M2φφ∗φ +
d1
Λ
h ∂µφ∗∂µφ (10)
+
d2
Λ
M2φ hφ
∗φ +
d3
2Λ2
h2∂µφ∗∂µφ +
d4
2Λ2
M2φh
2φ∗φ .
This Lagrangian provides the correct number of inde-
pendent operators. In the nonrelativistic limit the La-
grangian (1) and the one above give the same WIMP-
3
nucleus cross section provided we set
dH = −d1 + d2vEW Λ M
2
φ . (11)
Assuming that the physics is such that in the early uni-
verse at temperatures higher than the electroweak sym-
metry breaking scale there has been a mechanism which
has led to an asymmetry in either the baryon, the φ, or
the lepton number, electroweak sphaleron processes will
have equilibrated the different numbers. According to
the estimates of [9] we have
Φ
B
=
σ
2
(
3 +
L
B
)
, (12)
with Φ indicating the technibaryon number, L the lepton
number, B the baryonic one and σ the statistical function
of the techniquarks depending on the ratio between the
techniquark dynamically generated mass and the tem-
perature below which the electroweak sphaleron pro-
cesses cease to be relevant. The ratio of dark to baryon
energy density is then
ΩDM
ΩB
=
Ωφ
ΩB
=
Mφ
mp
Φ
B
. (13)
For techniquark masses of the order of the electroweak
scale and assuming zero lepton number we have Mφ ∼
3.3mp for ΩDM ' 5ΩB. The results are valid for either a
second order or a first order electroweak phase transition
[9]. It is easy to check that with L ∼ −2B one gets Mφ ∼
8 GeV. Here we are assuming that the annihilation cross
section is sufficiently large to eliminate any symmetric
component. This can be achieved either by reducing the
composite Higgs mass or by increasing the size of the
coupling to the SM fields [12]. Collider signatures of this
type of DM have been studied in [5, 11].
[1] L. Visinelli and P. Gondolo, Phys. Rev. D 80, 035024 (2009)
[arXiv:0903.4377 [astro-ph.CO]]. L. D. Duffy and K. van
Bibber, New J. Phys. 11, 105008 (2009) [arXiv:0904.3346
[hep-ph]]. M. Y. Khlopov and C. Kouvaris, Phys. Rev. D
77, 065002 (2008) [arXiv:0710.2189 [astro-ph]].
[2] E. Nardi, F. Sannino and A. Strumia, JCAP 0901, 043 (2009)
[arXiv:0811.4153 [hep-ph]].
[3] S. Nussinov, Phys. Lett. B 165, 55 (1985). S. M. Barr,
R. S. Chivukula and E. Farhi, Phys. Lett. B 241, 387 (1990).
[4] S. B. Gudnason, C. Kouvaris and F. Sannino, Phys. Rev. D
73, 115003 (2006) [arXiv:hep-ph/0603014]; idem Phys. Rev.
D 74, 095008 (2006) [arXiv:hep-ph/0608055].
[5] R. Foadi, M. T. Frandsen and F. Sannino, Phys. Rev. D 80,
037702 (2009) [arXiv:0812.3406 [hep-ph]].
[6] M. Y. Khlopov and C. Kouvaris, Phys. Rev. D 78, 065040
(2008) [arXiv:0806.1191 [astro-ph]].
[7] D. D. Dietrich and F. Sannino, Phys. Rev. D 75, 085018
(2007) [arXiv:hep-ph/0611341].
[8] F. Sannino, Acta Phys. Polon. B 40, 3533 (2009)
[arXiv:0911.0931 [hep-ph]].
[9] T. A. Ryttov and F. Sannino, Phys. Rev. D 78, 115010 (2008)
[arXiv:0809.0713 [hep-ph]].
[10] D. Hooper, J. March-Russell and S. M. West, Phys. Lett.
B 605, 228 (2005) [arXiv:hep-ph/0410114]. C. Kouvaris,
Phys. Rev. D 78, 075024 (2008) [arXiv:0807.3124 [hep-ph]].
D. E. Kaplan, M. A. Luty and K. M. Zurek, Phys. Rev.
D 79, 115016 (2009) [arXiv:0901.4117 [hep-ph]]. L. J. Hall,
J. March-Russell and S. M. West, arXiv:1010.0245 [hep-
ph]. M. Taoso, J. Phys. Conf. Ser. 259, 012102 (2010).
M. R. Buckley and L. Randall, arXiv:1009.0270 [hep-
ph]. B. Dutta and J. Kumar, Phys. Lett. B 699, 364
(2011) [arXiv:1012.1341 [hep-ph]]. T. Cohen, D. J. Phalen,
A. Pierce and K. M. Zurek, Phys. Rev. D 82, 056001 (2010)
[arXiv:1005.1655 [hep-ph]]. A. Falkowski, J. T. Ruderman
and T. Volansky, arXiv:1101.4936 [hep-ph]. M. T. Frand-
sen, S. Sarkar and K. Schmidt-Hoberg, arXiv:1103.4350
[hep-ph].
[11] M. T. Frandsen and F. Sannino, Phys. Rev. D 81, 097704
(2010) [arXiv:0911.1570 [hep-ph]].
[12] A. Belyaev, M. T. Frandsen, S. Sarkar and F. Sannino, Phys.
Rev. D 83, 015007 (2011) [arXiv:1007.4839 [hep-ph]].
[13] Z. Ahmed et al. [CDMS-II Collaboration], Phys. Rev. Lett.
106, 131302 (2011) [arXiv:1011.2482 [astro-ph.CO]].
[14] J. Angle et al. [XENON10 Collaboration], arXiv:1104.3088
[astro-ph.CO].
[15] E. Aprile et al. [XENON100 Collaboration],
arXiv:1104.2549 [astro-ph.CO].
[16] R. Bernabei et al. [DAMA Collaboration], Eur. Phys. J. C
56, 333 (2008) [arXiv:0804.2741 [astro-ph]].
[17] C. E. Aalseth et al. [CoGeNT collaboration], Phys. Rev.
Lett. 106, 131301 (2011) [arXiv:1002.4703 [astro-ph.CO]].
[18] M. Y. Khlopov, A. G. Mayorov and E. Y. Soldatov, Int.
J. Mod. Phys. D 19, 1385 (2010) [arXiv:1003.1144 [astro-
ph.CO]].
[19] D. Tucker-Smith and N. Weiner, Phys. Rev. D 64,
043502 (2001) [arXiv:hep-ph/0101138]. D. Tucker-Smith
and N. Weiner, Phys. Rev. D 72, 063509 (2005) [arXiv:hep-
ph/0402065].
[20] S. Chang, J. Liu, A. Pierce, N. Weiner and I. Yavin, JCAP
1008, 018 (2010) [arXiv:1004.0697 [hep-ph]].
[21] J. L. Feng, J. Kumar, D. Marfatia and D. Sanford,
arXiv:1102.4331 [hep-ph].
[22] M. T. Frandsen, F. Kahlhoefer, J. March-Russell,
C. McCabe, M. McCullough and K. Schmidt-Hoberg,
arXiv:1105.3734 [hep-ph].
[23] C. Kouvaris and P. Tinyakov, Phys. Rev. D 83, 083512
(2011) [arXiv:1012.2039 [astro-ph.HE]]. C. Kouvaris and
P. Tinyakov, arXiv:1104.0382 [astro-ph.CO].
[24] E. Del Nobile and F. Sannino, arXiv:1102.3116 [hep-ph].
[25] C. Savage, G. Gelmini, P. Gondolo and K. Freese, Phys.
Rev. D 83, 055002 (2011) [arXiv:1006.0972 [astro-ph.CO]].
[26] N. Bozorgnia, G. B. Gelmini and P. Gondolo, JCAP 1011,
019 (2010) [arXiv:1006.3110 [astro-ph.CO]].
[27] F. Sannino, Phys. Rev. D 82, 081701 (2010) [arXiv:1006.0207
[hep-lat]]. F. Sannino, Phys. Rev. Lett. 105, 232002 (2010)
[arXiv:1007.0254 [hep-ph]].
[28] M. Jarvinen, T. A. Ryttov, F. Sannino, Phys. Rev. D79,
095008 (2009). [arXiv:0903.3115 [hep-ph]]. M. Jarvinen,
C. Kouvaris, F. Sannino, Phys. Rev. D81, 064027 (2010).
[arXiv:0911.4096 [hep-ph]].
[29] J. Galloway, J. A. Evans, M. A. Luty and R. A. Tacchi, JHEP
1010, 086 (2010) [arXiv:1001.1361 [hep-ph]].
4
